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Inflation cannot be implemented in its context. ii) There is no understanding of how the supersymmetric µ term, with µ ∼ 10 2 − 10 3 GeV, arises. iii) Neutrinos remain massless and, consequently, there are no neutrino oscillations in contrast to recent experimental evidence [1] . iv) Last, but not least, the observed baryon asymmetry of the universe cannot be easily generated (through the electroweak sphaleron processes).
Moderate extensions of MSSM provide [2] [3] [4] [5] a suitable framework within which the hybrid inflationary scenario [6] is 'naturally' implemented. This means that a) there is no need for tiny coupling constants, b) the superpotential can have the most general form allowed by symmetry, c) supersymmetry guarantees that radiative corrections do not invalidate inflation, but rather provide the necessary slope along the inflationary trajectory, and d) supergravity corrections can be brought under control.
The µ problem, in these inflationary extensions of MSSM, could be solved [7] by coupling the inflaton system to the electroweak higgs superfields. In this case, however, the inflaton predominantly decays, after the end of inflation, into (s)higgses and the gravitino constraint [8] on the reheat temperature restricts [5, 9] the relevant dimensionless coupling constants to 'unnaturally' small values (∼ 10 −5 ). Here, we will adopt an alternative solution [10, 11] to the µ problem that relies on coupling the electroweak higgses to superfields causing the breaking of the Peccei-Quinn [12] symmetry.
Light neutrino masses can be generated either through the well-known seesaw mechanism after including right handed neutrino superfields or via coupling [5, 11, 13 ] the light neutrinos directly to SU(2) L triplet pairs of superfields of intermediate scale masses and 'tiny' vacuum expectation values (vevs). The latter possibility, studied in Ref. [5] , is certainly more appropriate if light neutrinos are to provide the hot dark matter needed to explain [14] the large scale structure of the universe. Note that, for zero cosmological constant and almost flat spectrum of density perturbations, the hot dark matter density must be about 20% of the critical density keeping light neutrino masses in the eV range. Within a three neutrino scheme, compatibility with the atmospheric [1] and solar neutrino oscillations requires almost degenerate light neutrino masses which cannot be 'naturally' obtained from the seesaw mechanism.
Measurements [15] of the cluster baryon fraction combined with the low deuterium abundance constraint [16] on the baryon asymmetry suggest that the matter density is around 40% of the critical density of the universe (Ω m ≈ 0.4). Also, recent observations [17] favor the existence of a cosmological constant whose contribution to the energy density can be as large as 60% of the critical density (Ω Λ ≈ 0.6) driving the total energy density close to its critical value as required by inflation. The assumption that dark matter contains only a cold component leads then to a 'good' fit [18] of the cosmic background radiation and both the large scale structure and age of the universe data.
Moreover, the possibility of improving this fit by adding light neutrinos as hot dark matter appears [19] to be rather limited and, thus, hierarchical neutrino masses are acceptable.
Note that neutrino masses could be hierarchical even in the case of zero cosmological constant provided that hot dark matter consists of some other particles (say axinos).
Here, we will concentrate on the case of hierarchical neutrino masses generated by the seesaw mechanism. We consider a particular extension of MSSM based on a leftright symmetric gauge group within which hybrid inflation is 'naturally' implemented and the µ problem is solved via a Peccei-Quinn symmetry. Right handed neutrinos are present and form SU(2) R doublets with the right handed charged leptons. The inflaton decays into right handed neutrino superfields, whose subsequent decay produces [20] a primordial lepton asymmetry that is later converted into baryon asymmetry by electroweak sphaleron effects.
Our model is based on the left-right symmetric gauge group
GeV, is achieved through the superpotential
where l c ,l c is a conjugate pair of SU(2) R doublet left handed superfields with B − L charges equal to 1, -1 respectively, and S is a gauge singlet left handed superfield. The coupling constant κ and the mass parameter M can be made real and positive by suitable phase redefinitions. The supersymmetric minima of the scalar potential lie on the D-flat
In this supersymmetric scheme, hybrid inflation [6] is automatically and 'naturally'
realized [2] [3] [4] 7, 9] . The scalar potential possesses a built-in inflationary trajectory at l c =l c = 0 , |S| > M with a constant tree-level potential energy density κ 2 M 4 which is responsible for the exponential expansion of the universe. Moreover, since this constant energy density breaks supersymmetry, there are important radiative corrections [3] which provide a slope along the inflationary trajectory necessary for driving the inflaton towards the vacua. At one-loop, the cosmic microwave quadrupole anisotropy is given [3, 4] by
where N Q ≈ 50 − 60 denotes the number of e-foldings experienced by our present horizon size during inflation, M P = 1.22 × 10 19 GeV is the Planck scale and
Also,
, S Q being the value of the scalar field S when the scale which evolved to the present horizon size crossed outside the inflationary horizon. The superpotential parameter κ can be evaluated [3, 4] from
The µ term can be generated [7] by adding the superpotential coupling SH 2 , where the This particular solution of the µ problem is [5, 9] , however, not totally satisfactory since it requires the presence of 'unnaturally' small coupling constants (κ < ∼ ×10 −5 ). This is due to the fact that the inflaton system decays predominantly into electroweak higgs superfields via the renormalizable superpotential coupling SH 2 . The gravitino constraint [8] on the reheat temperature then severely restricts the corresponding dimensionless coupling constant and, consequently, the parameter κ. Moreover, for hierarchical neutrino masses from the seesaw mechanism, the requirement of maximal ν µ − ν τ mixing from the SuperKamiokande experiment [1] further reduces [9] κ to become of order 10 −6 .
An alternative solution of the µ problem will be adopted here. It is constructed [10] by coupling the electroweak higgses to superfields causing the breaking of the Peccei-Quinn [12] symmetry (U(1) P Q ) which solves the strong CP problem. For this purpose, we need two extra gauge singlet left handed superfields N andN with P Q charges -1 and 1. The relevant superpotential couplings are N 2N 2 and N 2 H 2 . The scalar potential which is generated by the term N 2N 2 after gravity-mediated supersymmetry breaking has been studied in Ref. [11] . For a suitable choice of parameters, the minimum lies at
where 
Here Q i and L i are the SU(2) L doublet left handed quark and lepton superfields, whereas 
Note that U(1) B (and, thus, U(1) L ) invariance is automatically implied by U(1) R even if all possible non-renormalizable terms are included in the superpotential. This is due to the fact that the R charges of the products of any three color (anti)triplets exceed unity and cannot be compensated since there are no negative R charges available.
After U(1) L breaking by the vevs of l c ,l c , some lepton number violating effective operators will appear. In particular, the last term in Eq. (7) Thus, only U(1) B and 'lepton parity' remain exact.
As indicated above, after lepton number violation, the last term in Eq. (7) The light neutrino masses are generated via the seesaw mechanism in our scheme and, therefore, cannot be 'naturally' degenerate. We will, thus, assume hierarchical light neutrino masses. Analysis [21] of the CHOOZ experiment [22] shows that the oscillations of solar and atmospheric neutrinos decouple. This fact allows us to concentrate on the two heaviest families ignoring the first one. We will denote the two positive eigenvalues of the light neutrino mass matrix by m 2 (=m νµ ), m 3 (=m ντ ). We take m νµ ≈ 2.6 × 10 −3 eV which is the central value of the µ-neutrino mass coming from the small angle MSW resolution of the solar neutrino problem [23] . The τ -neutrino mass is taken to be m ντ ≈ 7 × 10 −2 eV which is the central value implied by SuperKamiokande [1] .
The determinant and the trace invariance of the light neutrino mass matrix imply [24] two constraints on the (asymptotic) parameters which take the form:
). The µ − τ mixing angle θ µτ lies [24] in the range
where ϕ is the rotation angle which diagonalizes the light neutrino mass matrix in the basis where the 'Dirac' mass matrix is diagonal and θ D is the 'Dirac' mixing angle (i.e., the 'unphysical' mixing angle with zero Majorana masses for the right handed neutrinos).
We now turn to the discussion of the inflaton decay. Here the inflaton consists 
Of course, decay of the inflaton into ν c i is only possible if M i < m inf l /2. The reheat temperature is then given [4] by
for MSSM spectrum, and the gravitino constraint [8] (T r < ∼ 10 9 GeV) implies strong bounds on the M i 's which satisfy the inequality M i < m inf l /2. Consequently, the corresponding dimensionless coupling constants, γ i , are restricted to be quite small.
To minimize the number of small couplings, we take M 2 < m inf l /2 ≤ M 3 so that the inflaton decays into only one (the second heaviest) right handed neutrino with mass M 2 .
Moreover, we take γ 3 = 1, which gives M 3 = 2M 2 /m P . Using Eq. (5), the requirement
34, for N Q = 55, and Eq.(4) gives x Q < ∼ 3.5. Eqs. (2) and (5) with (δT /T ) Q ≈ 6.6 ×10 −6 from COBE [25] are then used to calculate M and κ for each value of x Q in this range. Eliminating x Q , we obtain M as a function of κ depicted in Fig.1 . The inflaton mass m inf l and the heaviest right handed neutrino mass M 3 are readily evaluated. The mass of the second heaviest right handed neutrino M 2 is restricted by the gravitino constraint [8] on T r . We take it to be equal to its maximal allowed value in order to maximize γ 2 . The value of M 2 is also depicted in Fig.1 .
In our model, baryon number is conserved up to 'tiny' non-perturbative SU(2) L instanton effects. So the observed baryon asymmetry of the universe can only be produced by first generating a primordial lepton asymmetry [20] which is then partially converted into baryon asymmetry by non-perturbative electroweak sphaleron effects. The lepton asymmetry is produced through the decay of the superfield ν c 2 which emerges as decay product of the inflaton. This mechanism for leptogenesis has been discussed in Ref. [20] .
The ν c 2 superfield decays into electroweak higgs and (anti) lepton superfields. The relevant one-loop diagrams are both of the vertex and self-energy type [26] with an exchange of ν c 3 . The resulting lepton asymmetry is [24] n
where | H (1) | ≈ 174 GeV. Note that this formula holds [27] provided that M 2 ≪ M 3 and the decay width of ν 2 )/M 2 , and both conditions are well satisfied here. For MSSM spectrum, the observed baryon asymmetry is given [28] by
It is important to ensure that the primordial lepton asymmetry is not erased by lepton number violating 2 → 2 scattering processes at all temperatures between T r and 100 GeV. This gives [28] m ντ < ∼ 10 eV which is readily satisfied. For definiteness, we assume that the ν µ − ν τ mixing is about maximal (θ µτ ≈ π/4) in accordance to the recent SuperKamiokande data [1] . We will also make the plausible assumption that the 'Dirac' mixing angle θ D is negligible (θ D ≈ 0). Under these circumstances, the rotation angle ϕ ≈ π/4. Using the 'determinant' and 'trace' constraints in Eqs. (9) and (10) condition. The corresponding lepton asymmetry is then found from Eq. (14) . The line consistent with the low deuterium abundance constraint [16] on the baryon asymmetry of the universe (Ω B h 2 ≈ 0.019) is also depicted in Fig.2 . We see that the required values of κ ( < ∼ 4.2 × 10 −4 ), although somewhat small, are much more 'natural' than the ones encountered in previous models [9] that solved the µ problem and achieved maximal ν µ − ν τ mixing. For these values of κ, the parameter γ 2 > ∼ 1.9 × 10 −3 , which is quite satisfactory.
We have presented a moderate extension of MSSM based on a left-right symmetric gauge group. Hybrid inflation is 'naturally' realized and the µ problem is solved via a Peccei-Quinn symmetry. Light neutrinos acquire hierarchical masses by the seesaw mechanism, which are taken to be consistent with the small angle MSW resolution of the solar neutrino problem and the SuperKamiokande data. Under these conditions, we determine the range of κ and the (asymptotic) 'Dirac' neutrino masses consistent with maximal ν µ − ν τ mixing and the gravitino constraint. The baryon asymmetry of the universe is generated through a primordial leptogenesis. We specify the subrange of parameters where the baryogenesis constraint is also met. The required values of the relevant coupling constants turn out to be more or less 'natural'. abundance constraint on the baryon asymmetry of the universe is also satisfied.
